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a digital adaptive equalizer arranged to Identify one of the digital information 
signals with a level corresponding most closely to one of the plurality of analog levels 
defining information signals. 

150. (Amended) The apparatus of daim 145, wherein said timing recovery 
circuit regulates the particular rate In accordance with a product of a plurality of signal 
samples. 

1 51 . (Amended) The apparatus of claim 145 wherein the at least one pair of 
twisted wires carry the multi-level signal at a transmission rate of at least 25 
megasymbols per second. 

1 63. (Amended) A method for recovering a plurality of analog levels defining 
information signals transmitted on at least one pair of twisted wires comprising; 

converting the plurality of analog levels defining information signals to 
corresponding digital information signals at a particular rate; 
regulating the particular rate of conversion; and 

identifying one of the digital information signals with a level corresponding most 
closely to one of the plurality of analog levels defining information signals. 

1 64. (Amended) The method of claim 1 63, wherein the particular rate is 
regulated in accordance with a product of a plurality of signal samples. 

1 66. (Amended) The method of claim 1 63, and further comprising decoding the 
identified digital information signal. 

Kindly add new claims 167-213 as follows: 
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1 67. (New) An apparatus that is adapted to be coupled to at least one pair of 
twisted wires that carry a plurality of analog levels defining information signals, 
comprising: 

a clock arranged to generate dock signals having a phase; 

an analog to digital converter arranged to convert the plurality of analog levels to 
corresponding information digital signals in response to the clock signals; 

a timing recovery circuit arranged to shift the phase of the clock signals so that 
the time at which the analog to digital converter samples the analog levels is adjusted; 
and 

a digital adaptive equalizer arranged to receive the digital information signals and 
to identify one of the digital information signals with a level corresponding most closely 
to one of the plurality of analog levels defining information signals, 

1 68. (New) The apparatus of claim 1 67, further comprising an automatic gain 
control circuit coupled to said analog to digital converter. 

1 69. (New) The apparatus of claim 167, further comprising a decoder circuit 
coupled to said digital adaptive equalizer. 

1 70. (New) The apparatus of claim 169/funher comprising a media access 
controller coupled to said decoder circuit. 

1 71 . (New) The apparatus of claim 1 67, wherein said digital adaptive equalizer 
includes a feedfonward equalizer, a data slicer and a decision feedback equalizer, 

172. (New) The apparatus of claim 167, wherein said timing recovery circuit 
shifts the phase of the clock signals in accordance with a product of a plurality of signal 
samples. 
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173. (New) The apparatus of claim 167, wherein the twisted wires further carry 
analog timing signals^ wherein the analog to digital converter is arranged to convert the 
analog timing signal to corresponding timing digital signals in response to the clock 
signals, and wherein the timing recovery circuit is an^anged to shift the phase of the 
clock signals In response to the timing digital signals. 

1 74. (New) The apparatus of claim 173 wherein the liming recovery circuit is 
arranged to shift the phase of the clock signals in response to both the timing digital 
signals and the information digital signals. 

175. (New) The apparatus of claim 167, wherein the plurality of analog levels 
defining information signals comprises more than two analog levels. 

1 76. (New) A method for recovering a plurality of analog levels defining 
information signals transmitted on at least one pair of twisted wires comprising: 

generating clock signals having a phase; 

converting the plurality of analog levels to corresponding digital information 
signals in response to the clock signals; 

shifting the phase of the clock signals so that the time at which the converting 
occurs is adjusted; and 

identifying one of the digital information signals with a level corresponding most 
closely to one of the plurality of analog levels defining information signals. 

177. (New) The method of claim 176. wherein said shifting comprises shifting 
the phase of the clock signals in accordance with a product of a plurality of signal 
samples. 
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1 78. (New) The method of claim 176 and further comprising decoding the 
identified digital information signals. 

179. (New) The method of claim 176, and further comprising a method of 
recovering analog timing signals wherein the converting also comprises converting the 
analog timing signals to corresponding timing digital signals in response to the clock 
signals, and wherein the shifting comprises shifting the phase of the clock signals in 
response to the timing digital slgnals. 

1 80. (New) The method of claim 179 wherein the shifting comprises shifting the 
phase of the clock signals in response to both the timing digital signals and the 
information digital signals. 

181 . (New) The method of claim 176, wherein the plurality of analog levels 
defining information signals comprises more than two analog levels. 

1 82. (New) The apparatus of claim 145, wherein the twisted wires further carry 
analog timing signals, wherein the analog to digital converter is arranged to convert the 
analog riming signals to corresponding timing digital signals in response to the clock 
signals, and wherein timing recovery circuit is anranged to regulate the rate of the clock 
signals in response to the timing digital signals. 

183- (New) The apparatus of claim 182 wherein the timing recovery circuit is 
arranged to regulate the rate of the clock signals in response to both the timing digital 
signals and the information digital signals. 

184. (New) The apparatus of claim 145 wherein the plurality of analog levels 
defining information signals comprises more than two analog levels. 
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1 85, (New) The methcxi of claim 163, and further comprising a method of 
recovering analog timing signals wherein the converting also comprises converting the 
analog timing signals to corresponding timing digital signals at the particular rate, and 
wherein the regulating comprises regulating the particular rate in response to the timing 
digital signals. 

1 86* (New) The method of claim 185 wherein the regulating comprises 
regulating the particular rate in response to both the timing digital signals and the 
information digital signals. 

1 87. (New) The method of daim 1 83 wherein the plurality of analog levels 
defining information signals comprises more than two analog levels, 

1 88. (New) An apparatus that is adapted to be coupled to at least one pair of 
twisted wires that carry a multi-level signal, comprising: 

an analog to digital converter for digitally converting the multi-level signal at a 
particular rate; 

a timing recovery circuit for regulating the particular rate at which said analog to 
digital converter converts the multi-level signal in accordance with a product of a 
plurality of peak signal samples; and, 

a digital adaptive equali2er for receiving the digitally converted multi-level signal 
and identifying one of a plurality of levels. 

1 89. (New) An apparatus that is adapted to be coupled to at least one pair of 
twisted wires that carry a multi-level signal transmitted at a transmission rate of at least 
25 megasymbols per second, comprising: 



13 



PAGE24/44*RCVDAT»6120044:00:51PM [Eastern Daylight Tlme^ 



FROM McANDREWS, HELD, k MALLOY (FRI) 8. 6' 04 15:06/ST. 14;58/NO. 4861050254 P 25 

an analog to digital converter that Is responsive to the multi-level signal 
transmitted at the transmission rate of at least 25 megasymbols per second; 

a clock recovery circuit coupled to said analog to digital converter that regulates 
the particular rate in accordance with a product of a plurality of peak signal samples; 
and, 

a digital adaptive equalizer coupled to said analog to digital converter. 

190. (New) An apparatus that is adapted to be coupled to at least one pair of 
twisted wires that carry a multHevel signal, comprising: 

an analog to digital converter operating at a particular rate; 

a clock recovery circuit coupled to said analog to digital converter that regulates 
the particular rate in accordance with a product of a plurality of peak signal samples; 
and, 

a digital adaptive equalizer coupled to said analog to digital converter. 

191 . (New) A method for recovering a multi-level signal transmitted on at least 
one pair of twisted wires, comprising: 

converting the multi-level signed to a digital signal at a particular rate; 
regulating the particular rate of conversion In accordance with a product of a 
plurality of peak signal samples; 

equalizing the digital signal; and, 

Identifying one of a plurality of levels based on the digital signal. 

1 92. (New) Apparatus adapted to be coupled to at least a twisted first wire pair 
enabling receipt of at least first, second and third discrete analog signal levels with 
different amplitudes representing information, a twisted second wire pair enabling 
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receipt of at least fourth, fifth and sixth discrete analog signal levels with different 
amplitudes representing information and a twisted third wire pair enabling receipt of at 
least seventh, eighth and ninth discrete analog signal levels with different amplitudes 
representing information, the analog signal levels being received one discrete signal 
level at a time, the apparatus comprising: 

an analog to digital converter arranged to convert the first discrete analog signal 
level to a corresponding digital first information signal, to convert the second discrete 
an^og signal level to a corresponding digital second information signal, to convert the 
third discrete analog signal level to a corresponding digital third information signal, to 
convert the fourth analog signal level to a corresponding digital fourth information signal, 
to convert the fifth discrete analog signal level to a corresponding digital fifth infonnatlon 
Signal, to convert the sixth discrete analog signal level to a corresponding digital sixth 
Information signal, to convert the seventh discrete analog signal level to a 
corresponding digital seventh Information signal, to convert the eighth discrete analog 
signal level to a corresponding digital eighth information signal and to convert the ninth 
discrete analog signal level to a corresponding digital ninth information signal; and 

circuitry arranged to Individually identify each of the first, second, third, fourth, 
fifth, sixth, seventh, eighth and ninth discrete analog signal levels, to shift in time the 
first information signal relative to the first discrete analog signal level, to shift in time the 
second infomiation signal relative to the second discrete analog signal level, to shift in 
time the third information signal relative to the third discrete analog signal level, to shift 
in time the fourth information signal relative to the fourth discrete analog signal level, to 
shift in time the fifth information signal relative to the fifth discrete analog signal level, to 
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shift in time tlie sixth information signal relative to the sixth discrete analog signal level, 
to shift in time the seventh Information signal relative to the seventh discrete analog 
signal level, to shift In time the eighth information signal relative to the eighth discrete 
analog signal level and to shift in time the ninth information signal relative to the ninth 
discrete analog signal level. 

1 93. (New) The apparatus of claim 1 92 wherein the analog to digital converter 
is arranged to convert the discrete analog signals levels to corresponding digital 
Information signals at a particular rate and wherein the circuitry comprises a timing 
recovery circuit arranged to regulate the particular rate at which said analog to digital 
converter converts the discrete analog signal levels. 

1 94. (New) The apparatus of claim 1 93 wherein the circuKry comprises a digital 
adaptive equalizer arranged to identify the discrete analog signal level being received 
on each of the wire pairs. 

1 95. (New) The apparatus of dalm 1 94 and further comprising an automatic 
gain control circuit coupled to the analog to digital converter. 

196. (New) The apparatus of claim 194 and further comprising a decoder circuit 
coupled to the digital adaptive equalizer. 

197. (New) The apparatus of claim 196 and further comprising a media access 
controller coupled to said decoder circuit. 

1 98. (New) The apparatus of claim 1 94 wherein the digital adaptive equalizer 
includes a feedfonward equalizer, a data slicer and a decision feedback equalizer. 
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1 99. (New) The apparatus of claim 1 94 wherein said timing recovery circuit 
regulates the particular rate in accordance with a product of a plurality of signal 
samples. 

200. (New) The apparatus of claim 192 and further comprising a clock arranged 
to generate clock signals having a phase and wherein the analog to digital converter is 
arranged to convert the discrete ar^alog signal levels to the corresponding digital 
information digital signals in response to the clock signals and wherein the circuitry is 
arranged to shift the phase of the clock Signals so that the time at which the analog to 
digital converter samples the discrete analog signal levels is adjusted. 

201 . (New) The apparatus of claim 200 wherein the circuitry shifts the phase of 
the clock signals in accordance with a product of a plurality of signal samples. 

202. (New) The apparatus of claim 200 where each of the wire pairs also 
enables receipt of timing discrete analog signal levels, wherein the analog to digital 
converter is arranged to convert the timing discrete analog signal levels to 
corresponding timing digital signals in response to the clock signals, and wherein the 
circuitry is arranged to shift the phase of the clock signals in response to the timing 
digital signals. 

203. (New) The apparatus of claim 202 wherein the circuitry is arranged to shift 
the phase of the clock signals in response to both the timing digital signals and the 
information digital signals. 

204. (New) In apparatus adapted to be coupled to at least a twisted first wire 
pair enabling receipt of at least first, second and third discrete analog signal levels with 
different amplitudes representing information, a twisted second wire pair enabling 
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receipt of at least fourth, fifth and sixth discrete analog signal levels with different 
annplitudes representing information and a twisted third wire pair enabling receipt of at 
least seventh, eighth and ninth discrete analog signal levels with different amplitudes 
representing information, the analog signal levels being received one discrete signal 
level at a time, a method of processing the received discrete analog signal levels 
comprising: 

converting the first discrete analog signal level to a corresponding digital first 
information signal; 

converting the second discrete analog signal level to a corresponding digital 
second information signal; 

converting the third discrete analog signal level to a corresponding digital third 
information signal; 

converting the fourth discrete analog signal level to a corresponding digital fourth 
information signal; 

converting the fifth discrete analog signal level to a corresponding digital fifth 
information signal; 

converting the sixth discrete analog signal level to a corresponding digital sixth 
information signal; 

converting the seventh discrete analog signal level to a corresponding digital 
seventh information signal; 

converting the eighth discrete analog signal level to a corresponding digital 
eighth information signal; 
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converting the ninth discrete analog signal level to a corresponding digital ninth 
information signal; 

individually identifying each of the first, second, third, fourth^ fifth, sixth, seventh, 
eighth and ninth discrete analog signal levels; 

shifting in time the first infomiation signal relative to the first discrete analog 
signal level; 

shifting in time the second information signal relative to the second discrete 
analog signal level; 

shifting in time the third information signal relative to the third discrete analog 
signal level; 

shifting in time the fourth infomnation signal relative to the fourth discrete analog 
signal level; 

shifting in time the fifth infomnation signal relative to the fifth discrete analog 
signal level; 

shifting in time the sixth information signal relative to the sixth discrete analog 
signal level; 

shifting In time the seventh information signal relative to the seventh discrete 
analog signal level; 

shifting in time the eighth information signal relative to the eighth discrete analog 
signal level; and 

shifting in time the ninth information signal relative to the ninth discrete analog 
signal level. 
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205. (New) The method of claim 204 wherein each of the converting steps 
comprises converting one of the discrete analog signals levels to a corresponding one 
Of the information signals at a particular rate and further comprising regulating the 
particular rate. 

206. (New) The method of claim 205 wherein said regulating comprises 
regulating the particular rate in accordance with a product of a plurality of signal 
samples. 

207. (New) The method of claim 204 and further comprising controlling the gain 
of the each of the received discrete analog signal levels. 

208. (New) The method of claim 204 and further comprising decoding each of 
the digital information signals. 

209. (New) The method of claim 204 and further comprising controlling media 
access. 

210. (New) The method of daim 204 and further comprising generating clock 
signals having a phase and wherein each of the converting steps comprises converting 
one of the discrete analog signal levels to one of the corresponding digital information 
signals in response to the clock signals and wherein each of the shifting steps 
comprises shifting the phase of the clock signals so that the time at which the 
converting occurs Is adjusted. 

21 1 . (New) Th© method of claim 210 wherein the shifting comprises shifting the 
phase of the clock signals in accordance with a product of a plurality of signal samples, 

212. (New) The method of claim 21 0 wherein each of the wire pairs enables 
receipt of timing discrete analog signal levels, wherein the converting further comprises 
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